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A METHOD OF ELECTROPLATING COPPER OVER A PATTERNED 
DIELECTRIC LAYER TO ENHANCE PROCESS UNIFORMITY OF A 
SUBSEQUENT CMP PROCESS 

Field of the Present Invention 

The present invention generally relates to the fabrication of integrated circuits 
and, more particularly, to the formation of metallization layers, wherein a metal is 
deposited over a patterned dielectric layer and excess metal is subsequently re- 
moved by chemical mechanical polishing (CMP). 

Description of the Related Art 

In every new generation of integrated circuits, device features are further re- 
duced, whereas the complexity of the circuits steadily increases. Reduced fea- 
ture sizes not only require sophisticated photolithographical methods and ad- 
vanced etch techniques to appropriately pattern the circuit elements, but also 
places an ever-increasing demand on deposition techniques. Presently, the 
minimum feature sizes approach 0.1 pm or even less, which allows the fabrica- 
tion of fast-switching transistor elements covering only a minimum of chip area. 
However, as a consequence of the reduced feature sizes, the available floor 
space for the required metal interconnects decreases while the number of nec- 
essary interconnections between the individual circuit elements increases. As a 
result, the cross-sectional area of metal connects decreases and this makes it 
necessary to replace the commonly used aluminum by a metal that allows a 
higher current density at a reduced electrical resistivity to obtain reliable chip 
interconnects with high quality. In this respect, copper has proven to be a prom- 
ising candidate due to its advantages such as low resistivity, high reliability, high 
heat conductivity, relatively low cost and a crystalline structure that may be con- 
trolled to obtain relatively large grain sizes. Furthermore, copper shows a sig- 
nificantly higher resistance against electromigration and therefore allows higher 
current densities while the resistivity is low, thus allowing the introduction of 
lower supply voltages. 
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Despite the many advantages of copper compared to aluminum, semiconductor 
manufacturers in the past have been reluctant to introduce copper into the manu- 
facturing sequence for several reasons. One major issue in processing copper in 
a semiconductor line is the copper's capability of readily diffusing in silicon and 
silicon dioxide at moderate temperatures. Copper diffused into silicon may lead 
to a significant increase in the leakage current of transistor elements, since cop- 
per acts as a deep-level trap in the silicon band-gap. Moreover, copper diffused 
into silicon dioxide may compromise the insulating properties of silicon dioxide 
and may lead to higher leakage currents between adjacent metal lines, or may 
even form shorts between neighboring metal lines. Thus, great care must be 
taken to avoid any contamination of silicon wafers with copper during the entire 
process sequence. 

A further issue arises from the fact that copper may not be effectively applied in 
greater amounts by deposition methods, such as physical vapor deposition 
(PVD) and chemical vapor deposition (CVD), which are well-known and well- 
established techniques in depositing other materials such as aluminum. Accord- 
ingly, copper is now commonly applied by a wet process, such as electroplating, 
which provides, compared to electroless plating, the advantages of a higher 
deposition rate and a less complex electrolyte bath. Although at a first glance 
electroplating seems to be a relatively simple and well-established deposition 
method due to the great amount of experience gathered in the printed wiring 
board industry during decades, the demand of reliably filling high aspect ratio 
openings with dimensions of 0.1 pm and less as well as wide trenches having a 
lateral extension in the order of micrometers renders electroplating of copper as 
well of other metals that may be used in metallization layers a highly complex 
deposition method, in particular as subsequent process steps, such as chemical 
mechanical polishing and any metrology processes directly depend on the quality 
of the electroplating process. 

With reference to Figs. 1a and 1b, a typical process sequence for manufacturing 
a metallization layer will now be described. 
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According to Fig. 1a, a semiconductor device 100 comprises a substrate 101 in- 
cluding circuit elements such as transistors, resistors, capacitors, and the like, 
which, for the sake of simplicity, are not depicted in Fig. 1a. A dielectric layer 
102 is formed above the substrate 101 and is separated therefrom by an etch 
stop layer 103. For example, the dielectric layer 102 may be comprised of silicon 
dioxide, whereas the etch stop layer 103 may comprise silicon nitride. In other 
cases the dielectric layer 102 and possibly the etch stop layer 103 may be com- 
prised of a so-called low-k dielectric having a permittivity that is significantly 
lower than that of silicon dioxide and silicon nitride. In the dielectric layer 102, 
openings 105 are formed as vias and trenches. The dimensions of the openings 
1 05 as well as the spacing and their position on a die area of the substrate 101 
are determined by the circuit design of a corresponding integrated circuit. The 
dielectric layer 102 may further include an opening 104 provided as a relatively 
wide trench. Moreover, the dielectric layer 102 may contain a substantially non- 
patterned region 106. As with the openings 105, the dimension and the position 
of the trench 104 and of the non-patterned region 106 is substantially determined 
by the circuit design. 

The methods for forming the semiconductor device 100 as depicted in Fig. 1a are 
well established in the art and may include well-known deposition, lithography 
and etch techniques. In particular, the opening 105 may be formed in a first se- 
lective etch step within the dielectric layer 102, wherein the etch process stops 
on or in the etch stop layer 103. The opening 105 may then be formed in the etch 
stop layer 103 by a separate etch process designed to selectively remove the 
material of the layer 103. Thereafter, in a further etch step the upper portion of 
the opening 105 and the opening 104 may be formed in a common etch step. 

Fig. 1b schematically shows the semiconductor device 100 in an advanced 
manufacturing stage with a metal layer, such as copper layer, 107 formed over 
the dielectric layer 102 t wherein a barrier layer and a seed layer, which for con- 
venience are commonly denoted by 108 is disposed between the metal layer 107 
and the dielectric layer 102. The barrier/seed layer 108 may be comprised of two 
or more sub-layers containing materials such as tantalum, tantalum nitride, tita- 
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nium, titanium nitride, combinations thereof, and the like. The seed layer may be 
comprised of, for example, copper. 

The barrier/seed layer 108 may be formed by chemical vapor deposition, atomic 
layer deposition or physical vapor deposition followed by, for example, a sputter 
deposition process to form the seed layer as the final sub-layer of the bar- 
rier/seed layer 108. Thereafter, the metal layer 107 is deposited, wherein as 
previously noted in the context with copper, a wet-chemical process may pref- 
erably be employed so as to effectively provide large amounts of metal at rea- 
sonable deposition rates. For copper typically electroplating is the presently pre- 
ferred deposition method due to an increased deposition rate and a moderately 
complex electrolyte bath compared to electro-less plating. 

For reliable metal interconnects, it is not only important to deposit the copper as 
uniformly as possible over the entire surface of a 200 or even 300 mm diameter 
substrate, but it is also important to reliably fill the openings 105 and 104 that 
may have an aspect ratio of approximately 10:1, without any voids or defects. As 
a consequence, it is essential to deposit the copper in a highly non-conformal 
manner. Accordingly, great efforts have been made to establish an electroplat- 
ing technique that allows a highly non-conformal deposition of a metal, such as 
copper, in which openings, especially the small-sized vias and trenches 105 are 
filled substantially from bottom to top. It has been recognized that such a fill-in 
behavior may be obtained by controlling the deposition kinetics within the open- 
ings 105, 104 and on the horizontal portions, such as the non-patterned region 
106. This is commonly be achieved by introducing additives into the electrolyte 
bath to influence the rate of copper ions that deposit on the respective locations. 
For example, an organic agent of relatively large, slow-diffusing molecules, such 
as polyethylene glycol, may be added to the electrolyte and preferentially ab- 
sorbs on flat surface and corner portions. Hence, contact of copper ions at these 
regions is reduced and thus the deposition rate is decreased. A correspondingly 
acting agent is also often referred to as "suppressor". On the other hand, a fur- 
ther additive, including smaller and faster-diffusion molecules, may be used that 
preferentially absorbs within the openings 105, 104 and enhances the deposition 
rate by offsetting the effects of the suppressor additive. A corresponding addi- 
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tive is often also referred to as "accelerator". In addition to using an accelerator 
and a suppressor, so-called levelers or brighteners are used to strive to reach a 
high degree of uniformity and to enhance the surface quality of the metal layer 
107. Moreover, a simple DC deposition, i.e., deposition by supplying a substan- 
tially constant current, may not suffice to achieve the required deposition behav- 
ior despite the employment of accelerator, suppressor, and/or leveler additives. 
Instead, the so-called pulse reverse deposition has become a preferred opera- 
tion mode in depositing copper. In the pulse reverse deposition technique, cur- 
rent pulses of alternating polarity are applied to the electrolyte bath so as to de- 
posit copper on the substrate during forward current pulses and to release a cer- 
> tain amount of copper during reversed current pulses, thereby improving the fill 
capability of the electroplating process. By these complex plating processes, the 
openings 105, 104 may be reliably filled with copper. It turns out, however, that 
the finally-obtained topography of the metal layer 107 depends on the underlying 
structure. Despite the employment of the pulse reverse method and a sophisti- 
cated chemistry including varying amounts of suppressors, accelerators and lev- 
elers, an enhanced deposition of metal is obtained over patterned regions, such 
as the openings 104, 105 as opposed to the non-patterned region 106. It is be- 
lieved that a non-uniform distribution of the additives, especially of the accelera- 
tors in the vicinity of the openings 104, 105, leads to a further continuation of the 
deposition kinetics occurring within the openings 104, 105 even if these openings 
are already completely filled, thereby causing an enhanced deposition rate at 
these areas until finally the additives are uniformly distributed. 

The structure-dependent topography of the metal layer 107 may then lead to 
process non-uniformity during a subsequent chemical mechanical polishing 
(CMP) process, since exposed areas of the metal layer 107 may experience an 
increased down-force, as indicated by arrows 109, during the polishing process. 
The removal process therefore starts preferably over the openings 104, 105 and 
may continue at a higher removal rate compared to the non-patterned region 
106. Consequently, clearing of the surface of the region 106 is delayed and a 
substantial "overpolish" time is required to substantially completely remove any 
metal residues from the region 106. This may cause an increased material re- 
moval in the openings 104, 105, which is also referred to as "dishing", and may 
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also lead to increased removal of dielectric material of the layer 102 in the vicin- 
ity of the openings 104, 105, also known as erosion. In addition to these delete- 
rious effects, the non-uniformity of the metal removal may also affect any end- 
point detection methods, such as methods based on optical signals obtained by 
light reflected from the metal layer 107 during the polish process, based on the 
motor current required to establish a relative motion between the substrate 101 
and a polishing pad, or based on other friction related or otherwise generated 
endpoint signals. That is, the corresponding endpoint signals may exhibit a less 
steep slope and may therefore exacerbate the assessment of the end of the pol- 
ishing process. Since CMP is in itself a highly complex process, the final result 
of the polishing process and hence the quality of the metal lines formed in the 
openings 104, 105 not only depends on the CMP parameters but is also strongly 
influenced by the properties of the metal layer 107. For these reasons, it is fre- 
quently proposed to provide a "dummy" pattern in the non-patterned region 106 
so as to achieve similar deposition conditions as over the openings 104, 105. 
Although this approach may significantly relax the above-identified non- 
uniformity issues, the additionally generated metal regions may add parasitic ca- 
pacitance to the circuit, thereby reducing the operating speed thereof, and may 
in many cases therefore render this solution less than desirable. 

In view of the above-mentioned problems, a need exists to provide an electro- 
plating process that minimizes the burden on the subsequent CMP process. 

Summary of the Invention 

Generally, the present invention is directed at methods that may improve the uni- 
formity of a CMP process in that a preceding sequence for forming a plated 
metal layer is modified so as to provide a significant surface roughness of the 
metal layer at least over non-patterned portions of a substrate. In this way, the 
beginning of the material removal during CMP in the non-patterned portions is 
not delayed as in conventional techniques. 

According to one illustrative embodiment of the present invention, a method of 
depositing a metal layer over a substrate including a dielectric layer having a 
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patterned region and a non-patterned region formed therein is provided. The 
method comprises exposing the substrate to an electrolyte bath so as to non- 
conformally deposited metal in a bottom-to-top technique in the patterned region. 
Then, an excess metal layer is formed over the patterned region and the non- 
patterned region. Moreover, at least one process parameter is controlled during 
the formation of the excess metal layer to adjust a surface roughness of the ex- 
cess metal layer. 

According to another illustrative embodiment of the present invention, a method 
of forming a metallization layer of a semiconductor device is provided. The 
method comprises providing a substrate having formed thereon a dielectric layer 
with a first region and a second region, wherein the first region includes vias and 
trenches to be filled with a metal, and wherein the second region is substantially 
devoid of trenches and vias to be filled with metal. The substrate is exposed to 
an electrolyte bath to fill the vias and trenches in the first region and to form an 
excess metal layer over the first and the second regions. Thereby, a surface 
roughness at least of the second region is adjusted to be greater than approxi- 
mately 50 nanometers. Finally, the excess metal layer is removed by chemical 
mechanical polishing, wherein the surface roughness promotes the beginning of 
material removal during the chemical mechanical polishing process. 

According to still a further illustrative embodiment of the present invention, a 
method comprises determining a surface roughness of a metal layer formed over a di- 
electric including a patterned region and a substantially non-patterned region. A portion 
of the metal layer is then removed by chemical mechanical polishing to expose the 
dielectric in the patterned and non-patterned regions, and an endpoint detection signal is 
monitored during the chemical mechanical polishing. Finally, the monitored end- 
point detection signal is related to the determined surface roughness to deter- 
mine an optimum surface roughness for a desired signal/noise ratio of the end- 
point detection signal. 

According to yet another illustrative embodiment of the present invention, a 
method comprises determining a surface roughness of a metal layer formed over a di- 
electric including a patterned region and a substantially non-patterned region and remov- 
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ing a portion of the metal layer by chemical mechanical polishing to expose the dielec- 
tric in the patterned and non-patterned regions. A polishing time is monitored that is re- 
quired for substantially completely clearing the patterned and non-patterned regions, and 
the monitored polishing time is related to the determined surface roughness to 
determine a surface roughness that results in a reduced polishing time. 

Brief Description of the Drawings 

Further advantages, objects and embodiments of the present invention are de- 
fined in the appended claims and will become more apparent with the following 
detailed description when taken with reference to the accompanying drawings, in 
which: 

Figs. 1a and 1b schematically show cross-sectional views of a semiconductor 
device during various prior art manufacturing stages when receiving a copper 
metallization layer; 

Figs. 2a to 2c schematically show cross-sectional views of a device with a metal 
layer formed over a dielectric layer having a patterned and a non-patterned re- 
gion according to illustrative embodiments of the present invention; 

Fig. 3 is a schematic graph representing the relationship of an CMP endpoint de- 
tection signal for a metal layer with and without a surface roughness; and 

Fig. 4 is a schematic graph representing the relationship between the slope of 
the endpoint detection signal and the average surface roughness of a metal 
layer. 

Detailed Description 

While the present invention is described with reference to the embodiments as 
illustrated in the following detailed description as well as in the drawings, it 
should be understood that the following detailed description as well as the draw- 
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ings are not intended to limit the present invention to the particular illustrative 
embodiments disclosed, but rather the described illustrative embodiments merely 
exemplify the various aspects of the present invention, the scope of which is de- 
fined by the appended claims. 

The present invention is based on the inventors' finding that, opposed to the 
conventional teaching, a pronounced roughness of the surface of a metal layer 
plated over a dielectric that is structured to include trenches and vias as well as 
non-patterned regions in accordance with the circuit design may significantly re- 
lax the burden placed upon a subsequent CMP process. The pronounced surface 
+ , rourhness may promote the start of material removal to occur more uniformly 
across the substrate irrespective whether a patterned or a non-patterned region 
is formed below the metal layer. 

With reference to Figs. 2a to 2c, 3 and 4, further illustrative embodiments of the 
present invention will now be described, wherein for the sake of simplicity, it is 
also referred to Fig. 1a where appropriate. 

Moreover, in the following illustrative embodiments it is referred to copper as the 
metal to be deposited by electro-chemical deposition method, such as electro- 
plating, since copper, as previously noted, is expected to be mainly used in fu- 
ture sophisticated integrated circuits, and the embodiments described hereinafter 
r "'are particularly advantageous for electroplating copper during the fabrication of 
metallization layers having vias and trenches with a diameter as small as 0.1 pm 
and even less. The present invention is in principle also applicable to other met- 
als and metal compounds and metal alloys, and the teaching provided herein en- 
ables a skilled person to modify any processes and parameters specified below 
so as to adapt the embodiments described herein to the specific metal. 

Fig. 2a schematically depicts a cross-sectional view of a semiconductor device 
200 during the fabrication of a metallization layer. The semiconductor device 
may be similar to the device 100 described in Fig. 1a, wherein corresponding 
components are denoted by the same reference numerals except for a leading 
"2" instead of a "1". Hence, the device 200 comprises the substrate 201 having 
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formed thereon the etch stop layer 203 followed by the dielectric layer 202. The 
vias and trenches 205 and the wide trench 204 commonly define a first patterned 
region 210. Adjacent to the first region 210 is the substantially non-patterned 
region 206. The region 206 is designated as substantially non-patterned to indi- 
cate that few, if any, trenches are formed in the region 206 relative to the number 
of trenches formed in the patterned region 210. It may be the case that some 
trenches (not shown) are formed in the region 206 but, due to the relatively small 
number of such trenches and/or the relatively small area occupied by such 
trenches, the region 206 behaves, with respect to the deposition of the metal 
layer, substantially like an area without trenches formed therein. 

A typical process flow for manufacturing the device as depicted in Fig. 2a, sub- 
stantially the same processes may be performed as are described with reference 
to Fig. 1a. 

Fig. 2b schematically shows the device 200 in an advanced manufacturing stage, 
wherein a copper layer 207 is formed over the first and second region 210, 206 
with a barrier/seed layer 208 disposed therebetween. The barrier/seed layer 208 
may be comprised of materials that effectively prevent copper from diffusing into 
adjacent materials and also provide for sufficient adhesion of copper to the sur- 
rounding dielectric and any potential metal the vias 105 may connect to. Pres- 
ently preferred materials are tantalum and tantalum nitride and combinations 
'thereof, while any other suitable materials may be used if considered appropri- 
ate. In the embodiment described herein, the seed layer may be a layer of cop- 
per deposited by a PVD process. 

In one particular embodiment, the copper layer 207 comprises a pronounced sur- 
face roughness, indicated by 211, that is distributed across the first and second 
regions 210, 206. An average height of the surface roughness is denoted as 212 
and may exceed approximately 50 nm. In other embodiments, the average 
height 212, which may simply be referred to as average surface roughness, may 
range from about 50 nm to 400 nm, and in other embodiments from about 150 
nm to 250 nm. 
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A typical process flow for forming the device of Fig. 2b may include the following 
processes. First, the barrier/seed layer 208 may be formed by similar process as 
already described with reference to the barrier/seed layer 108 shown in Fig. 1b. 
In particular, the barrier/seed layer 208 may be formed as a stack of two or more 
sub-layers to provide for the desired functionality of the barrier/seed layer 208, 
wherein CVD, PVD, ALD (atomic layer deposition), plating processes, and any 
combinations of these processes may be used. Then, the substrate 201 or at 
least the dielectric layer 202 is exposed to an electrolyte bath (not shown) that 
may be provided in a commonly known plating reactor, such as an electroplating 
reactor available from Semitool Inc. under the name LT210C™. It should be 
noted that the present invention may be applied to any electroplating reactor. In 
one illustrative embodiment, the electrolyte bath includes an accelerator additive 
and a suppressor additive in an amount of approximately 1 to 5 weight% and 
about 1 to 5 weight%, respectively, with regard to the total amount of the electro- 
lyte bath. Contrary to conventional electro-plating baths including about 1 
weight% of leveler or more, the amount of a leveler or brightener is significantly 
reduced to approximately less than 0.1 weight%. In one embodiment, the leveler 
may be substantially completely omitted. It should be noted that the terms lev- 
eler and brightener are used synonymously and shall indicate an additive that 
acts to smooth the surface of the copper layer 207 when applied as in the con- 
ventional technique. Moreover, any of the commonly known accelerator, sup- 
pressor and leveler compounds may be used in accordance of the present inven- 
tion. The accelerator may, for example, be comprised of propane sulfonic acid. 
The suppressor may, for example, be comprised of a polyalkylene glycol type poly- 
mers. Typical levelers may, for example, be comprised of polyether. During the 
exposure of the substrate to the electrolyte bath, a current of appropriate wave 
form may be applied to accomplish the fill of the openings 205, 204 in a bottom 
to top fashion, thereby substantially avoiding the formation of voids and seams 
within the openings 205, 204. For example, well-established pulse reverse se- 
quences may be performed to reliably fill the openings 205, 204. As previously 
explained, the reliable fill of especially the wide trenches 204 across a 200 or 
even a 300 mm substrate requires a certain "overplating", which leads to the 
formation of an excess layer on the first and second regions 210, 206. In this 
embodiment, during the formation of the excess copper layer, the amount of lev- 
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eler is controlled, for example, by dosing the amount of leveler during the prepa- 
ration of the electrolyte bath, in such a manner that the average surface rough- 
ness 212 is obtained. 

In other embodiments, an electro-less deposition may be carried out, wherein the 
amount of the leveler is controlled in a manner as described with reference to the 
electro-plating process, to thereby create the average surface roughness 212. 

After the deposition of the copper layer 207, the substrate may be annealed to 
enhance the granularity of the copper, that is, to increase the grain size of cop- 
■ per crystallites, thereby improving the thermal and electrical conductivity. 

Thereafter the substrate 201 is subjected to a CMP process to remove excess 
material of the layer 207 and the barrier/seed layer 208 so as to expose the di- 
electric layer 202 for providing electrically insulated copper lines. The CMP 
process may be performed in any appropriate CMP tool as are well-known in the 
art. During the initial phase of the CMP process the down-force applied to the 
substrate 201 is exerted to a plurality of the elevations 211 in the first and the 
second regions 210, 206 and therefore material removal is initiated also in the 
second region 206. Consequentially, the discrepancy of removal times between 
the first and the second regions 210, 206 may be remarkably reduced compared 
to the conventional approach described earlier. In one illustrative embodiment, 
the CMP process is carried out while monitoring an endpoint detection signal. 
An endpoint detection signal may be generated by detecting light that is reflected 
from the substrate 201 during the polish process. In other cases, the motor cur- 
rent, or any other signal representative for the motor torque, that is required for 
maintaining a specified relative motion between the substrate 201 and a respec- 
tive polishing pad may be used to assess the progress of the polishing process, 
since different materials typically exhibit different frictional forces. For instance, 
when a substantial portion of the second region 206 is already cleared the motor 
current may decrease for a given revolution speed, since the barrier/seed layer 
208 may have a lower coefficient of friction than copper. Irrespective of the 
method for establishing the endpoint detection signal, the end of the polishing 
process may be estimated on the basis of this signal. Due to the increased uni- 
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formity of the material removal in accordance of the present invention, the end- 
point detection signal may be used to more reliably estimate the polishing proc- 
ess. 

Fig. 3 illustrates an exemplary graph, in which an endpoint signal is plotted ver- 
sus the polishing time. For convenience, in the diagram of Fig: 3 representative 
smoothed curves of an optical endpoint detection system are depicted, however, 
the following considerations may readily be applied to curves created by any 
other endpoint detection system. A first curve A (dashed line) represents the 
amplitude of an optical endpoint detection signal for the substrate 201 having the 
pronounced surface roughness 211, whereas a second curve B (solid line) repre- 
sents the endpoint detection signal obtained by a conventionally processed sub- 
strate, such as the substrate 101 in Fig. 1b. At time point t 0 the polish process 
may start and, for a metal layer formed in accordance with conventional process- 
ing techniques (curve B), the initial reflectance may be relatively high due to the 
high reflectance of copper. As the polish process progresses to time point ti the 
reflectance may still slightly increase as the surface of the substrate 101 be- 
comes increasingly even, thereby reducing scattered light. At time point t 2 sur- 
face portions may become cleared and the total reflectivity is reduced, thereby 
decreasing the endpoint detection signal. Since the begin of substantial material 
removal may be delayed in the non-patterned region 106, the slope of curve A is 
relatively low until at time point t 3> the endpoint detection signal indicates that 
substantially all metal residues are removed. Thereafter, a further overpolish 
time may be added to assure the reliable electrical insulation of the metal lines 
formed in the openings 105, 104. 

Contrary thereto, curve B may start at a relatively low magnitude due to relatively 
low reflectance of the substrate 201 caused by the surface roughness 211. The 
optical appearance of the metal layer 207 may be hazy or milky after deposition. 
During the polish process the roughness 211 is reduced, wherein the material 
removal also occurs at the non-patterned region 206 due to the plurality of loca- 
tions of increased down-force 209. Therefore, the endpoint detection signal rises 
and may reach a maximum between time points U and t 2 . Thereafter, clearance 
of surface portions occurs at significantly larger areas compared to the conven- 
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tional case, resulting in steeper slope of curve B between time points t 2 and t 3 . 
Due to the steeper slope of curve B, the end of the polish process may be as- 
sessed more reliably. Moreover, the overpolish time and thus the total polish 
time may be reduced. It should further be noted that in general, although not 
shown in the representative curves A and B, the signal/noise ratio of curve B in 
the time interval U - t 2 is enhanced due to the increased steepness of curve B. 

In one illustrative embodiment, a relation may be established that expresses the 
correlation of the endpoint detection signal to the average surface roughness 
212. To this end, a plurality of substrates 201, in form of product substrates 
and/or test substrates, may be processed with substantially identical CMP proc- 
ess parameters, wherein the average surface roughness 212 may be varied and 
related to the corresponding endpoint detection signal. The average surface 
roughness may be determined by mechanical, optical, mechanical/optical rough- 
ness measurement instruments, by electron microscopy, by atomic force micros- 
copy, and the like. 

Fig. 4 illustrates a representative example for a relation between the slope of the 
endpoint detection signal and the average surface roughness 212. In the dia- 
gram the magnitude of the slope of the endpoint detection signals, at one or 
more representative points within an appropriate interval, for example the inter- 
val ti, t 2 , is determined and plotted versus the average surface roughness 212. 
From this relation an appropriate average surface roughness may be extracted, 
which is then used as a target value in creating the surface roughness 211. For 
instance, in Fig. 4 the maximum may be defined as the target value for the aver- 
age surface roughness. However, any other criterion may be employed for ob- 
taining the target value. In other embodiments, the total time of the polishing 
process, that is, the time from the beginning of the polish process until the end- 
point detection signal has reach a specified minimal value, may be related to the 
average surface roughness. An appropriate target value may then be selected 
on the basis of this relationship, for instance, if the obtained relationship exhibits 
a minimum, this minimum total polish time may indicate the appropriate surface 
roughness. 
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In some embodiments the average surface roughness 212 may be varied or con- 
trolled by controlling at least one process parameter of the plating process de- 
scribed earlier. In a particular embodiment, the amount of leveler in the plating 
bath may be adjusted so as to vary the average surface roughness 212 for es- 
tablishing the relationship as described above with reference to Fig. 3 and 4. 
Once the relationship, and thus a target value for the average surface rough- 
ness, is obtained, the at least one process parameter, such as the leveler con- 
centration, may be controlled in accordance with the target value. 

With reference to Fig. 2c, further illustrative embodiments are described for form- 
ing a surface roughness at least over non-patterned regions of a dielectric layer. 
After forming the device 200 as depicted in Fig. 2a, the device 200 in Fig. 2c may 
be formed in a similar fashion as described with reference to Fig. 2b, wherein, 
however, a pattern 213 is formed over the non-patterned region 206 of the di- 
electric layer 202. In one embodiment, the pattern 213 may formed in the bar- 
rier/seed layer 208 by, for example, an additional lithography and etch step. The 
pattern 213 may be formed in a screen or grid like manner so as to provide elec- 
trical contact between neighboring elements of the pattern 213. In this way, the 
current distribution during an electro-plating process is only slightly modified and 
may only negligibly affect the overall electro-plating process. In other embodi- 
ments, the pattern 213 may only be provided at the utmost sub-layer of the bar- 
rier/seed layer 208, which typically acts as a seed layer. In this case, the current 
distribution at the initial phase of the plating process may remain substantially 
unaffected. In a further example, the pattern 213 may be provided as an addi- 
tional resist pattern formed on the otherwise intact barrier/seed layer 208. 

After the pattern 213 is formed, the plating process is performed, wherein stan- 
dard bath recipes and process recipes may be used. Due to the pattern 213, the 
copper deposition is modified in accordance with the underlying pattern 213, re- 
sulting in the creation of a surface roughness 214. Thereafter, the further proc- 
essing of the substrate 201 may be continued as is described with reference to 
Fig. 2b. During the CMP process, material removal also starts at the region 206 
including the non-patterned dielectric layer 202 so that substantially the same 
advantages are achieved as in the previously described embodiments. More- 
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over, regarding the formation of an appropriate surface roughness 214 with re- 
spect to an average height and/or pitch all of the criteria pointed out with refer- 
ence to Figs. 3 and 4 may be applied to the embodiments described above with 
reference to Fig. 2c. 

Further modifications and variations of the present invention will be apparent to 
those skilled in the art in view of this description. Accordingly, the description is 
to be construed as illustrative only and is for the purpose of teaching those 
skilled in the art the general manner of carrying out the present invention. It is to 
be understood that the forms of the invention shown and described herein are to 
be taken as the presently preferred embodiments. 
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Claims 

1. A method of depositing a metal over a substrate including a dielectric layer 
having a patterned region and a substantially non-patterned region formed 
therein, the method comprising: 

exposing the substrate to an electrolyte bath so as to non-conformally de- 
posit metal in a bottom to top technique in said patterned region; 

forming an excess metal layer over the patterned region and the substantially 
non-patterned region; and 

controlling at least one process parameter during the formation of said excess 
metal layer to adjust a surface roughness of the excess metal layer. 

2. The method of claim 1 , wherein said excess metal layer is formed in said 
electrolyte bath and said at least one process parameter represents the concen- 
tration of a leveler affecting the surface quality of a metal layer formed in said 
electrolyte bath. 

3. The method of claim 1 , wherein said electrolyte bath is a bath configured 
for electro-plating. 

4. The method of claim 1 , further comprising removing said excess metal 
layer by chemical mechanical polishing using an endpoint detection signal. 

5. The method of claim 4, further comprising exposing a second substrate 
that is substantially identical to said substrate to said electrolyte bath so as to 
non-conformally deposit metal in a bottom to top technique in said patterned re- 
gion; 

forming an excess metal layer over the patterned region and the substantially 
non-patterned region of said second substrate; and 
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based on said endpoint detection signal, controlling at least one process parame- 
ter during the formation of said excess metal layer of said second substrate to 
adjust a surface roughness of the excess metal layer of the second substrate. 

6. The method of claim 5, wherein a steepness of a slope of said endpoint 
detection signal is used for controlling said at least one process parameter. 

7. The method of claim 1, wherein said metal comprises copper. 

8. The method of claim 1, wherein said patterned region includes vias having 
a diameter of approximately 0.1 pm or less. 

9. The method of claim 1 , wherein a surface roughness above the patterned 
region and the surface roughness above the substantially non-patterned region 
are approximately equal. 

10. A method of forming a metallization layer of a semiconductor device, the 
method comprising: 

providing a substrate having formed thereon a dielectric layer with a first 
region and a second region, the first region including vias and trenches to be 
filled with a metal, the second region being substantially devoid of trenches and 
vias to be filled with metal; 

exposing the substrate to an electrolyte bath to fill said vias and trenches 
in the first region and to form an excess metal layer over the first and the second 
regions, wherein a surface roughness at least of the second region is adjusted to 
be higher than approximately 50 nanometers; and 

removing said excess metal layer by chemical mechanical polishing, 
wherein said surface roughness of said metal layer above at least said second 
region promotes the removal of said excess metal layer above at least said sec- 
ond region during the chemical mechanical polishing process. 
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1 1 . The method of claim 10, further comprising generating an endpoint detec- 
tion signal during the chemical mechanical polishing of said substrate and stop- 
ping the chemical mechanical polishing on the basis of said endpoint detection 
signal. 

12. The method of claim 10, wherein said surface roughness is adjusted by 
controlling at least one process parameter during the exposure of said substrate 
to the electrolyte bath. 

13. The method of claim 12, wherein said at least one process parameter 
represents the concentration of a leveler affecting the surface quality of a metal 
layer formed in said electrolyte bath. 

14. The method of claim 1 1 and 12, further comprising establishing a relation 
between said surface roughness and said endpoint detection signal. 

15. The method of claim 14, wherein said relation is determined by a slope of 
said endpoint detection signal. 

16. The method of claim 14, further comprising processing a second substrate 
that is substantially identical to said substrate by exposing the second substrate 
to said electrolyte bath, wherein a surface roughness of the second portion of the 
second substrate is adjusted on the basis of said relation between said surface 
roughness and said endpoint detection signal. 

17. The method of claim 10, further comprising forming a barrier layer and a seed 
layer prior to exposing the substrate to said electrolyte bath. 

18. The method of claim 17, further comprising forming a pattern in said barrier layer 
and seed layer in said second region to adjust said surface roughness in said second 
region during exposure to the electrolyte bath. 



19. 



A method comprising: 
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Abstract 



In a new method of plating metal onto dielectric layer including small-diameter 
vias and large-diameter trenches, a surface roughness is created at least on 
non-patterned regions of the dielectric layer to enhance the uniformity of material 
removal in a subsequent CMP process. 
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